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SUMMARY R E P O R T  - O F  OPERATIONAL COMMUNICATIONS 
WORKING GROUP 
Mar tyn  F. Roe t te r ,  Group  Cha i rman  
Ar thu r  D. Lit t le ,  Inc. 
The work of t h e  o p e r a t i o n a l  communication sys tems '  group d e a l t  w i th  a  
range of communication needs and f u n c t i o n s  w i t h i n  mines,  p r i m a r i l y  a long  
haulageways,  t o  and w i t h i n  s e c t i o n s  up t o  t h e  working f a c e  i t s e l f ,  and i n  
mine s h a f t s .  A mixture  of communication techniques  and hardware is needed 
t o  s a t i s f y  t h i s  v a r i e t y  of communication needs w i t h i n  t h e  d i f f e r i n g  environ-  
ments encountered i n  U.S. mines. S u b s t a n t i a l  p r o g r e s s ,  both exper imenta l  
and t h e o r e t i c a l ,  ha s  been made i n  r e c e n t  y e a r s  towards developing a l t e r n a t i v e  
communication systems s u i t a b l e  f o r  use  i n  mines which a r e  based on "guided" 
waves, i nc lud ing  w i r e - l e s s  (waveguide-like propaga t ion  i n  mine t u n n e l s )  and 
wire-based systems ( leaky  c o a x i a l  c a b l e s  o r  w i r e s )  . Major p r i o r i t i e s  i d e n t i -  
f  i e d  f o r  f u r t h e r  work needed t o  confi rm (o r  deny) t h e  a p p l i c a b i l i t y ,  and 
/ r e f i n e  t h e  o p e r a t i o n a l  s p e c i f i c a t i o n s  of promising communication systems 
f o r  mine use  i nc lude :  
Short-Term P r o j e c t s  
o  Cost/performance ana ly se s  of promising l eaky  c o a x i a l  c a b l e  and UHF 
r a d i o  communication systems which r e q u i r e  f u r t h e r  d a t a  from: 
- Experimental  i n v e s t i g a t i o n  under U.S. mine c o n d i t i o n s  of t h e  
performance of p o t e n t i a l l y  a p p l i c a b l e  l e aky  c o a x i a l  c ab l e  coin- 
municat ion systems developed i n  Europe (France,  Belgium, and 
t h e  U.K). 
- Cost e s t i m a t e s  on t h e s e  c o a x i a l  c a b l e  communication systems.  
- Measurements of UHF r a d i o  propaga t ion  i n  low-coal mines. 
- I n v e s t i g a t i o n  of t h e  i n f l u e n c e  of o b s t a c l e s  (e .g .  s h u t t l e  c a r s  
and s e c t i o n  machinery) i n  t h e  e n t r i e s  on UHF r a d i o  propaga t ion  i n  
mines. 
o  I n v e s t i g a t i o n  of t h e  problems of t r a n s m i t t e r  and r e c e i v e r  coupl ing 
and t e rmina t i on  matching a s s o c i a t e d  wi th  t h e  two-way propaga t ion  of Icw 
frequency r a d i o  waves i n  h o i s t  s h a f t s .  
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Longer-Term . . -- Projects 
i.. of lesser urgency or where less information is currently available. 
o Investigation of techniques for coupling UHF radio to leaky coaxial 
cable communication systems. 
o Delineation of the role of, and needed interfaces for,operational 
communication capability related to emergency, paging and monitoring functions. 
11. OPERATIONAL COMMUNICATIONS FUNCTIONS 
The communication functions under discussion in this report are primarily: 
o Two-way communication along main haulageways up to 4-5 miles long, 
to vehicles and to maintenance personnel. 
o Two-way communication in sections up to working faces; all entries 
negr t h e  w~rkine o f l e a  ---- shn1llJ -&---- be ccverec!, ?I=+, p c s s i b l y  an ly  z lixitec! 2rcpzr- 
tion of those at or near main haulageways. Communication with roving per- 
sonnel at up to 3,000 feet away from main haulageways must be established. 
More than one kind of working face ~ u s t  be dealt with, i.e. room and pillar 
(predominant in the U.S .) and longwall. 
o Two-way communication in mine hoist shafts (on the order of 10,000 . 
feet long). 
Two distinctive categories of comunication are involved, the first 
depending upon a base station, and the' other dealing with direct mobile-to- 
mobile communication. 
Although not discussed in detail, it is recognized that the communica- 
tion systems designed to fulfil these purposes may interface with other 
communication systems such as trolley phone,as well as play a role in 
assuring some emergency, paging (call alert),and one-way monitoring com- 
munication functions. 
111. ENVIRONMENTAL -. CONSTRAINTS 
The primary c o n s t r a i n t s  recognized a s  a f f e c t i n g  t h e  communication systems 
under cons ide ra t i on  a r e :  
o  Dai ly  u t i l i t y  of equipment 
o  I n t r i n s i c  s a f e t y  
o  Ruggedness and r e s i s t a n c e  t o  ha r sh  mine environment 
o  Avai lab le  power 
o  Weight and s i z e  l i m i t a t i o n s  
o  Cost l i m i t a t i o n s  
The e l ec t romagne t i c  n o i s e  environment a t  t he  f r equenc i e s  t y p i c a l l y  propos- 
ed  o r  employed ( a  few MHz up t o  1 GHz) appears  n o t  t o  be  a s i g n i f i c a n t  f a c t o r  
i n  determining communication system performance. A p o s s i b l e  except ion  t o  t h i s  
r u l e  o r  s l i g h t l y  less c lear -cu t  s i t u a t i o n  may p r e v a i l  i n  t h e  ca se  of low f r e -  
quency (LF) r a d i o  propaga t ion  proposed f o r  commurlfcation i n  mine s h a f t s  ( a t  
f r equenc i e s  of a  few t ens  of  k i l o h e r t z ) ,  
OPERATIONAL COMMUNICATIONS SYSTEMS 
Seve ra l  a l t e r n a t i v e  communication systems a r e  i n  p r i n c i p l e  t e c h n i c a l l y  
capable  of s a t i s f y i n g  t h e  communication needs j u s t  de sc r ibed .  A t e n t a t i v e  
conc lus ion  i n  t h e  l i g h t  of ou r  p r e s e n t  s t a t e  of knowledge is  t h a t  communica- 
t i o n  a long  haulageways may be  e f f i c i e n t l y  provided by one o r  more of t h e  
proposed leaky c o a x i a l  c ab l e  systems d i scus sed  l a t e r .  However, l eaky  c o a x i a l  
c ab l e  sys  tems seem incapab le  of p rovid ing  communications c a p a b i l i t y  a t  nore  
than  10 t o  20 meters  l a t e r a l  d i s t a n c e  from t h e  cab le .  Thus i n  o rde r  t o  provide  
wide a r e a  communications coverage w i t h i n  t h e  network of t unne l s  i n  a c o a l  
mine s e c t i o n ,  i t  would be  necessary  t o  s t r i n g  cab l e s  a long  most of them. The 
c o s t  and p r a c t i c a l  o b s t a c l e s  t o  s t r i n g i n g  a l l  t h i s  c a b l e  i n  a c o n t i n u a l l y  
changing s e c t i o n  geography f avo r  t he  a p p l i c a t i o n  of UHF r a d i o  f o r  wide a r e a  
communications w i t h i n  a s e c t i o n .  There is both  t h e o r e t i c a l  and exper imenta l  
evidence t o  i n d i c a t e  t h a t  UHF r a d i o  i s  capable  of p rovid ing  t h i s  func t ion .  
Coaxial  c a b l e ,  r a d i o ,  and low frequency TEM r a d i o  wave t ransmissior l  
i n  t he  s h a f t  a r e  a l l  p o t e n t i a l  c and ida t e s  f o r  p rovid ing  communication i n  
a  mine s h a f t .  No s i n g l e  one of t h e s e  communication techniques  has  y e t  been 
i d e n t i f i e d  a s  be ing  e s p e c i a l l y  advantageous i n  t h i s  a p p l i c a t i o n .  
The communication techniques  d i scussed  f a l l  under t h e  gene ra l  descr ip-  
t i o n  of "guided" waves and comprise: 
o  Wire-less (UHF f r equenc i e s )  
- Coaxia l  cab l e  wi th  p e r i o d i c  r a d i a t i v e  s t r u c t u r e s  
- Coaxia l  cab l e  wi th  high s u r f a c e  t r a n s f e r  impedance ( b r a i d  
o u t e r  conductor)  
- Coaxia l  cab l e  wi th  r e p e a t e r s  
- Wire p a i r s  
- Sing le  w i r e  ( i nc lud ing  LP r a d i o  propagz t icn  i n  nice 5cist  
s h a f t s )  
It is  a l s o  recognized t h a t  power-line c a r r i e r  communication techniques  
are p o t e n t i a l l y  a t t r a c t i v e  f o r  some of t h e  communication a p p l i c a t i o n s  u l d e r  
c o n s i d e r a t i o n ;  i t  is worthwhile t o  i n v e s t i g a t e  power l i n e  c a r r i e r  s y s t c ~ s  
f u r t h e r ,  however, no s e r i o u s  e v a l u a t i o n  of them was made i n  t h i s  workshop. . 
Power l i n e  c a r r i e r  systerrs a r e  a l r eady  used along t h e  t ro l leyway i n  sow? 
mines. 
,' 
I n  t h e  fol lowing,promising commu;lication systems a r e  i d e n t i f i e d  arid 
t h e i r  c u r r e n t  s t a t e  of development descr ibed .  Problems and. a r e a s  where 
a d d i t i o n a l  da ta  o r  f u r t h e r  t h e v r e t i c a l  understanding a r e  needed a r e  l i s t e d ,  
and p r i o r i t i e s  f o r  f u t u r e  development work a r e  sugges ted .  
A. UHF Radio (U.S.) 
1. State-of- the-Art  
Marked progress  has  r e c e n t l y  been made i n  understanding t h e  c h a r a c t e r i s -  
t i c s  and c a p a b i l i t i e s  of UIIF r a d i o  wave propaga t ion  along c o a l  mine t unne l s .  
Measurements taken  i n  mines by C o l l i n s  Radio i n d i c a t e  t h a t  e f f e c t i v e  communica- 
t i o n  can be provided throughout  most of a  t y p i c a l  U.S. c o a l  mine s e c t i o n  by 
UHF r a d i o .  A t h e o r e t i c a l  a n a l y s i s  c a r r i e d  ou t  by Ar thur  D.  L i t t l e ,  Inc .  (DL) 
s t a f f  based upon t h e  hypothes i s  of waveguide propaga t ion  is i n  agreement w i th  
t h e  C o l l i n s  measurements i n  s e v e r a l  impor tan t  r e s p e c t s .  The t h e o r e t i c a l  model 
is be l i eved  t o  r e f l e c t  t h e  b a s i c  s t r u c t u r e  of UHF r a d i o  wave propaga t ion  i n  
c o a l  mine t u n n e l s ,  a l though i t  is p r e s e n t l y  n o t  in tended  t o  g ive  accu ra t e  
sl gna l  l.oss e s t i m a t e s  around corners  when e i t h e r  t h e  t r a n s m i t t e r  o r  r e c e i v e r  
is  n e a r  t h e  co rne r  ( l e s s  than  50-100 f e e t ) .  I n  t hose  ca se s  t h e  model 's  l o s s  
assymtotes  w i l l  over  e s t i m a t e  t h e  l o s s .  
During t h e  workshop an apparen t  v i o l a t i o n  of t h e  r e c i p r o c i t y  theorem 
w a s  d i scovered  i n  an a p p l i c a t i o n  of  t h e  ADL theory  t o  extend C o l l i n s  Radjo's 
d a t a  f o r  a  de te rmina t ion  of t h e  e x t e n t  of coverage provided by UHF communica- 
t i o n  w i t h i n  a s e c t i o n .  Th i s  apparen t  v i o l a t i o n  i s  b e l i e v e d  t o  r e s u l t  from 
an  a p p l i c a t i o n  of t h e  ADL model i n  a  r eg ion  where i t  is i n v a l i d ,  namely i n  
t h e  corner  l o s s  s i t u a t i o n  j u s t  mentioned. The r e c i p r o c i t y  theorem must b e  
r e spec t ed ,  and a  ref inement  of t h e  model is needed t o  p r e d i c t  t r ansmis s ion  
l o s s  around a  co rne r  w h e n - e l t h e r  t h e  t r a n s m i t t e r  o r  r e c e i v e r  i s  nearby t h e  . 
corner .  C o l l i n s  Radio has  re-evaluated t h e  s e c t l o n  coverage p r e d i c t e d  f o r  
UHF r a d i o  which can be deduced from t h e i r  d a t a  and e x t r a p o l a t e d  by t h e  ADL 
theo ry ,  assuming t h e  r e c i p r o c i t y  theorem ho lds .  The r e s u l t s  of t h i s  computa- 
t i o n  a r e  a t t a c h e d ;  they a r e  very  encouraging. 
Leaky c o a x i a l  c ab l e  communication systems ope ra t i ng  between 2-20 MHz 
appear  i ncapab le  of p rovid ing  communication a long  c ross -cu ts  i n  which they 
a r e  no t  s t rung ,and  hence appear  bo th  c o s t l y  and u n l i k e l y  of implementation 
f o r  c o m ~ u n i c a t i o n  i n  t h e  g r i d  of many tunne l s  which c o n s t i t u t e  a  s e c t i o n .  
UHF r ad io  is l i k e l y  t o  he more e f f e c t i v e  i n  t h i s  s i t u a t i o n  of a r e a l  r a t h e r  
?llarl e s s e n t i a l l y  l i n e a r  o r  t u b u l a r  communication coverage. I n  summary, 
bo th  t h e o r e t i c a l  and exper imenta l  r e s u l t s  ob ta ined  t o  d a t e  warren t  f u r t h e r  
development of UHF r a d i o  techniques  f o r  p rovid ing  p r a c t i c a l  communications 
i n  c o a l  mine s e c t i o n s .  
2 .  Fu tu re  Development Programs 
(a) Short-Term 
No measurements have y e t  been taken  of UIIF r a d i o  wave propagat ion 
i n  low-coal mines,  which c o n s t i t u t e  a  s i g n i f i c a n t  f r a c t i o n  of U.S. c o a l  
mining a c t i v i t y .  These measurements a r e  needed t o  determine i f  t h e  d i f f e r -  
e n t  geometry of low-coal a s  a g a i n s t  high-coal  mine t unne l s  permi ts  p r a c t i c a l  
communication of UHF. 
Add i t i ona l ly  in format ion  is needed on t h e  i n f l u e n c e  of o b s t a c l e s  
i n  e n t r i e s  and tunne l s  on UHF r a d i o  wave propagat ion.  I n  a  c o a l  mine "ob- 
s t a c l e s "  such a s  s e c t i o n  machinery and s h u t t l e  c a r s  a r e  i n h e r e n t l y  p re sen t .  
Some of  t h e s e  o b s t a c l e s  can b lock  t h e  major p o r t i o n  of an e n t r y  and may wipe 
o u t  e f f e c t i v e  communication t o  va r ious  a r e a s  of  t h e  mine s e c t i o n  a s  they 
move around. Mul t ipa th  propaga t ion  e f f e c t s  may h e l p  i n  overcoming t h i s  
problem; a t  any r a t e , d a t a  a r e  u rgen t ly  needed. 
Less  u rgen t ly ,  i t  would b e  r e v e a l i n g  t o  o b t a i n  UHF propaga t ion  d a t a  
of h i g h e r  f r equenc i e s  (above 1 GHz) where c r i t i c a l  tests of  t h e  ADL t h e o r y ,  
i nc lud ing  t h e  s e l e c t i o n  of  t h e  optimum ope ra t i ng  frequenoy , would be p o s s i b l e .  
In  p r a c t i c a l  terms t h e s e  measurements a r e  n o t ,  a s  a l r eady  mentioned, of t h e  
h i g h e s t  urgency, a s  t h e  use  of a  f requency above 1 GHz f o r  mobile UHZ r a d i o  
is improbable s i n c e  i t  would e n t a i l  s i g n i f i c a n t l y  more expensive (beca!ise 
non-standard equipment) . Standard UHF f r equenc i e s  f o r  mobile comnunication 
are i n  t h e  450 MHz band, and t h e  960 MHz band soon t o  b e  opened by t h e  FCC, 
It may a d d i t i o n a l l y  be noted t h a t  t h e  FCC may n o t  in any ca se  approve non- 
s t anda rd  UHF f r equenc i e s  f o r  underground mobile commw.j.catiola, even though 
i n  p r i n c i p l e ,  u s e  of non-standard f r equenc i e s  i s  accep tab l e  f o r  ~ n d e r g r o u n d  
use  a s  long a s  no leakage t o  t he  s u r f a c e  occu r s ,  The basis  f c z  t3li.s a t t i t u d e  
may be  expla ined  by t h e  ease with  1~hic11 n o b i l e ,  as s g a i n s t  f i x e d  communications 
gear, niay be taken out of  the mine f o r  :>ersonal  u se .  
The Bureau of Mines should  a l s o  d e l i n e a t e  c l e a r l y  t h e  a l t e r n a t i v e s  and 
p r a c t i c a l  c o n s i d e r a t i o n s  a s s o c i a t e d  w i t h  t h e  p l a c i n g  of  t h e  UHF t r a n s m i t t e r  
(and p o s s i b l y  r e p e a t e r s )  t o  p rov ide  t h e  b e s t  communication coverage w i t h i n  
a  s e c t i o n ,  t a k i n g  account  of i t s  c o n t i n u a l l y  changing f e a t u r e s .  
(b) Long-Term 
A f u t u r e  s c e n a r i o  may b e  envisaged  i n  which a  l eaky  c o a x i a l  c a b l e  communi- 
c a t i o n  sys tem is i n  use  a long  mine haulageways,  whereas UHF r a d i o  p rov ides  
communication up t o  working f a c e s .  I n  t h i s  s i t u a t i o n  t h e  e f f e c t i v e  e x p l o i t a -  
t i o n  of a l l  t h e  advantages  of t h e s e  two communication techniques  would b e  
enhanced by t h e  a b i l i t y  t o  couple  them t o g e t h e r .  The t echn iques ,  c o s t s ,  
and performance of methods p r a c t i c a b l e  t o  accomplish t h i s  coupl ing  should  
b e  i n v e s t i g a t e d .  
B. Leaky Coaxia l  Cable Communication Systems (Europe) 
Three major c l a s s e s  o f  c o a x i a l  c ab l e  communication systems des igned  f o r  
asc fn A r x  hz-;2 be23 z e p ~ r t e d  ELS being i n  v a r i o u s  s t a g e s  of development i n  
Europe. 
(a)  I N I ~ ~ / D e l o g n e  system (Belgium) employing r e g u l a r l y  spaced  r a d i a t i n g  
dev ices  . 
Much exper imenta l  and t h e o r e t i c a l  i n v e s t i g a t i o n  of t h i s  system has  been 
performed i n c l u d i n g  t r i a l s  a t  t h e  Bruceton,  Pz. exper imenta l  mine of  t h e  USBM. 
The optimum o p e r a t i o n a l  f requency is b e l i e v e d  t o  f a l l  i n  t h e  range of  2-20 MHz. 
Pro to type  i n s t a l l a t i o n s  a r e  on o r d e r  i n  Belgium, a t  a  p r i c e  of about  $2500/km. 
Firm produc t ion  s a l e s  p r i c e s  a r e  n o t  y e t  a v a i l a b l e .  The INIEX/Delogne scheme 
appears  p o t e n t i a l l y  s u i t a b l e  f o r  a p p l i c a t i o n  i n  U.S. mines,  a l though  s e v e r a l  
u n c e r t a i n t i e s  r ega rd ing  performance/cost  t r ade -o f f s  i n  t y p i c a l  U.S. mine en- 
vironments s t i l l  have t o  b e  r e s o l v e d ,  a s  d i s cus sed  below. These u n c e r t a i n t i e s  
a r e  connected i n  p a r t i c u l a r  w i t h  t h e  r e s t r a i n t  i n  U.S. mines,  i n  c o n t r a s t  t o  
Europe, of hav ing  t o  i n s t a l l .  t h e  c a b l e  c l o s e  t o  t h e  r i b  w i t h  consequent i n -  
c r e a s e s  i n  a t t e n u a t i o n ,  over  a more c e n t r a l  l o c a t i o n  i n  t h e  t u n n e l ,  and w i th  
t h e  i n f l u e n c e s  on performance of d i r t  and wa te r  on t he  c a b l e  and on t h e  r ad i a -  
t i v e  devi C ~ S  . 
(b) Coaxial cable  wi th  high s u r f a c e  t r a n s f e r  impedance -- s p e c i a l l y  
designed "leaky" b r a i d  o u t e r  conductor (France) .  
Theore t i ca l  i n v e s t i g a t i o n s  c a r r i e d  o u t  a t  t h e  Universi ty of L i l l e  
i n  France i n d i c a t e  t h a t  e f f e c t i v e  communication along s e v e r a l  miles  of mine 
haulageway may be  achieved by use of a  coax ia l  cable  whose b r a i d  o u t e r  con- 
ductor  i s  designed f o r  "optimum" leakage of r a d i a t i c n .  Exper inenta l  irives ti- 
ga t ions  of t h i s  scheme i n  a  French mine a r e  planned t o  be  c a r r i e d  out  i n  a 
few months' time. The optimum opera t iona l  frequency is bel ieved t o  be  
between 5-10 MHz. 
S imi lar  u n c e r t a i n t i e s  e x i s t  wi th  regard t o  t h e  e f f e c t s  of d i r t ,  
wa te r ,  and proximity t o  t h e  wa l l s  of t h e  tunnel  on t h e  performance of t h e  
proposed French scheme i n  U.S. mine environmeats,as were mentioned i n  t h e  
context  of t h e  Belgian cable  system. 
( c )  Coaxial Cable wi th  Repeaters (U.K.) 
It has been repor ted  t h a t  coax ia l  cable  comunica t ion  systems in-  
corpora t ing  r epea te r s  a r e  being t e s t e d  experimental ly i n  t h e  U.K. A t  t h i s  
workshop l i t t l e  information on t h e  c o s t  and performance of t h i s  system was 
a v a i l a b l e .  Addi t ional  u n c e r t a i n t i e s  i n  the  performance and c o s t  eva lua t ion  
of t h i s  system a r e  introduced by ques t ions  a s soc ia t ed  with the  r e l i a b i l i t y  
and ma in ta inab i l i ty  of t h e  r epea te r s  t h a t  can r e a l i s t i c a l l y  be  expected i n  
a mine environment. 
2 .  Future Develo~ment Pro_grams ,, --- --- ---- ----. 
(a) Short-Term 
Progress achieved i n  Europe i n  t h e  de-~elopment of the  coax ia l  cable 
communication systems mentioned above should be c a r e f u l l y  and cont inual ly  
monitored and evalua ted .  I n  p a r t i c u l a r , c o s t  es t imates  and f u r t h e r  opera t ing  
performance d a t a  should be obtained as soon as poss ib le .  
Never the less ,  European r e s u l t s ,  w h i l e  v a l u a b l e  and t o  d a t e  encourag- 
i n g ,  cannot b e  d i r e c t l y  a p p l i e d  t o  t h e  d i f f e r e n t  environment of  U.S. mines.  
I n  p a r t i c u l a r  i t  appears  imposs ib l e  t o  i n s t a l l  communication cab l e s  i n  U.S. 
mines i n  t h e  l o c a t i o n s  recommended by European r e s e a r c h e r s .  S p e c i f i c a l l y  
c a b l e s  w i l l  have t o  b e  i n s t a l l e d  c l o s e  t c  t h e  r i b s  o r  w a l l s  of t unne l s .  
Accordingly d i f f e r e n t  a t t e n u a t i o n  r a t e s ,  and cor respondingly  d i f f e r e n t  
optimum o p e r a t i n g  f r equenc i e s  o r  t r ade -o f f s  between t h e  r a t e  of  "leakage" 
of  power and t o t a l  communication system l e n g t h  may p r e v a i l  t han  i n  t h e  
European s i t u a t i o n .  Experimental  i n v e s t i g a t i o n s  i n  U.S. mines w i t h  t h e  
proposed European c o a x i a l  c a b l e  systems a r e  r e q u i r e d  b e f o r e  t h e i r  app l i c -  
a b i l i t y  i n  t h i s  count ry  can be  d e f i n i t i v e l y  confirmed o r  denied, and i f  
confirmed, o p e r a t i o n a l  s p e c i f i c a t i o n s  w r i t t e n  ( f requency ,  d e s i g n  of  r a d i a t i v e  
s t r u c t u r e  o r  "leaky" o u t e r  conduc tor ,  and s o  f o r t h ) .  
(b) Long-Term 
As was d i s cus sed  i n  t h e  s e c t i o n  on UHF r a d i o ,  t echniques  f o r  coupl ing  
c o a x i a l  c a b l e  s y s  tems t o  UHF r a d i o  communication should  b e  i n v e s t i g a t e d .  
Simple Wire Systems ( ~ u r o p e )  
Wire P a i r s  
The t e c h n i c a l  f e a s i b i l i t y  of communication v i a  waves propagated a long  
w i r e  p a i r s  is  w e l l  e s t a b l i s h e d ,  and t h e  coupl ing  between and c h a r a c t e r i s t i c s  
o f  t h e  unbalanced and ba lanced  modes of p ropaga t ion  a r e  w e l l  unders tood.  How- 
e v e r  t h e  s e n s i t i v i t y  and l a c k  of r e s i s t a n c e  of s imp le  w i r e  p a i r s  t o  t h e  d e l e t e r i -  
ous  e f f e c t s  of t h e  mine environment ( d i r t ,  wa t e r ,  rough hand l ing )  tend t o  
r u l e  them o u t  a s  p r a c t i c a l  implementat ions  of in-mine communication s y s  tems. 
S i n g l e  Wire - -- 
A s i n g l e  w i r e  communication system i s  i m p r a c t i c a l  a s  a  s o l u t i o n  t o  a  
mines' o p e r a t i o n a l  co~nmunication needs a long  haulageways o r  i n  s e c t i o n s ,  a l -  
though a s i m i l a r  t ype  of communication system o p e r a t i n g  i n  t h e  low frequency 
(LF) range ho lds  promise f o r  use  i n  m i n e  s h a f t s .  
Dm Low Frequency Radio i n  a Ho i s t  S h a f t  (U .S .) 
T h e o r e t i c a l  i n v e s t i g a t i o n s  a t  ADL have analyzed t h e  propaga t ion  of LF 
r a d i o  waves i n  deep (10,000 f e e t )  h o i s t  s h a f t s  i n  which t h e  h o i s t  c a b l e  is 
the only  meta l  conductor  p r e s e n t .  Propagatf  on l o s s e s  of approximately 2dB 
ove r  10,000 f e e t  a t  f r equenc i e s  n e a r  50 kHz have been ccimputed. This  i s  
a very  encouraging r e s u l t .  
Fu tu re  Development Programs 
(a)  Short-Term 
Two d i f f i c u l t i e s  w i th  r e s p e c t  t o  LF propaga t ton  i n  h o i s t  s h a f t s  
have been i d e n t i f i e d .  F i r s t l y ,  t h e  l a r g e  p e n e t r a t i o n  of t h e  wave i n t o  t h e  
rock  o u t e r  conductor may p r e s e n t  a problem w i t 3 1  regard t o  coupl ing  t h e  t r a n s -  
m i t t e r  o r  r e c e i v e r  t o  t h e  t r ansmis s ion  l i n e  wi th  a minimum of i n s e r t i o n  l o s s .  
The amount of t h e  i n s e r t i ~ c  lcss t h a t  c z c  be t c l c r s t c 2  h3s not y e t  bcec  s p e c i -  
f i e d ;  i t  may b e  q u i t e  l a r g e ,  i n  view of t h e  remarkably low t r ansmis s ion  l o s s e s  
c a l c u l a t e d .  The coupl ing problem merits a t t e n t i o n  t o  de te rmine ,  f o r  example, 
how c l o s e l y  t o  t h e  t h e o r e t i c a l  d i s t r i b u t i o n  of t h e  v e r t i c a l  component of cur-  
r e n t  d e n s i t y , i n  t h e  fundamental p ropaga t ion  mode, should t h e  a e t u a l  d r i v i n g  
c u r r e n t  be d i s t r i b u t e d .  
Secondly, i n  o r d e r  t o  minimize r e f l e c t i o n s  , both  ends of t h e  h o i s t  
cab le -shaf t  t ransmiss ion  s y s  tem must be  te rmina ted  i n  approximately t h e  char-  
a c t e r i s t i c  impedance of t he  t rans in i ss ion  l i n e .  F u r t h e r  work i s  needed t o  
r e s o l v e  t he  ques t i on  of how, how w e l l ,  and how expe~ l s ive ly  matching termina- 
t i o n s  may b e  provided.  
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